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(54) Extruder feed path vibrator

(57) A device for imparting vibrational energy to pol-
ymeric pellets in a feed path (117) of an extruder is dis-
closed. The device includes a feed path vibrator (103)
having an elongate imparting portion (348) for being dis-
posed within the feed path (117) of the extruder, and a
transfer portion (349) extending from the imparting por-
tion. The transfer portion is configured for coupling to a
source of vibration energy, and the elongate imparting
portion includes at least one twisted portion along its
length.
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Description
FIELD
[0001] Thisdisclosure relates to an extruder, and more

particularly to a feed assembly for an extruder.
BACKGROUND

[0002] Moldingis aprocess whereby raw plastic or pol-
ymeric pellets are transformed into molded articles by
way of an extruder that plasticizes the raw pellets and
forces them into the mold, or through a die, that defines
the shape of the article(s) being produced. Raw plastic
pellets are gravitationally feed to the extruders’ plasticiz-
ing assembly by a feed assembly that includes a hopper,
which is coupled directly to the extruder, or is coupled to
the extruder by a tubular passageway. Often, gravity
alone is sufficient for ensuring a reliable, or stable, flow
of pellets between the feed assembly and the plasticizing
assembly; however, in some applications, the pellets
have a tendency to interlock and impede the flow of pel-
lets between the feed assembly and the plasticizing as-
sembly. This phenomenon, known in the art as "bridging",
results in the flow of plastic pellets becoming restricted,
or even stopped altogether.

[0003] To prevent restrictions to the gravitational flow
of pellets an operator can monitor the feed and flow of
pellets in the feed assembly and manually clear any
blockage as it begins to accumulate. However, this so-
lution requires humanintervention, andis therefore prone
to inconsistencies, and is also only suitable when the
operator has access to the stoppage or bridging area.
[0004] Vibrators have been coupled to the feed assem-
bly at a location proximate to the suspected bridging area
in order to vibrate the tubular passageway within which
the "bridged" pellets are located. In some applications
this solution has a tendency to exacerbate the problem
by tightly compacting and interlocking the pellets in the
bridging zone, again requiring operator intervention to
clear the blockage.

[0005] Anothersolution has beentomounta cylindrical
rod to extend within the feed assembly that is connected
to a source of vibration that is external to the flow of pel-
lets. In some applications, this solution has the tendency
to compact and interlock the pellets between the rod and
the internal walls of the feed assembly.

[0006] Another solution has been to mount a linear ac-
tuator within the feed assembly at a potential blockage
pointto "stab" at pellets to prevent them from interlocking.
This solution is only practical in locations of the feed path
that are large enough to accommodate a linear actuator
within the flow of pellets, and may also cause a blockage
of pellets upstream from the linear actuator.

[0007] Another solution has been to rotate an auger
within the feed path. However this solution requires a
relatively complex assembly to power the auger, and is
only practical in applications where the feed assembly
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can accommodate an auger.
SUMMARY

[0008] Embodiments hereof are directed towards a de-
vice for imparting vibrational energy to polymeric pellets
in a feed path of an extruder. The device includes a feed
path vibrator having an elongate imparting portion for be-
ing disposed within the feed path of the extruder, and a
transfer portion extending from the imparting portion. The
transfer portion is configured for coupling to a source of
vibration energy, and the elongate imparting portion in-
cludes at least one twisted portion along its length.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing and other features and advan-
tages of the invention will be apparent from the following
description of embodiments thereof as illustrated in the
accompanying drawings. The accompanying drawings,
which are incorporated herein and form a part of the spec-
ification, further serve to explain the principles of the in-
vention and to enable a person skilled in the pertinent art
to make and use the invention. The drawings may not be
to scale.

FIG. 1 is a perspective view of an extruder.

FIG.1A is a sectional view taken along line A-A of
FIG. 1 showing a plasticizing assembly and a feed
assembly of the extruder, and a feed path vibrator
in accordance with an embodiment hereof.

FIG. 2is a side perspective view of a vibrator mount-
ing assembly in accordance with an embodiment
hereof.

FIG. 2Ais a sectional view of FIG. 2 taken along line
A-A.

FIG. 2B is a sectional view of FIG. 2 taken along line
B-B.

FIG. 3 is a perspective view of the feed path vibrator
of FIG. 1A.

FIG. 4 is a bottom perspective view of the mounting
assembly of FIG. 2.

FIG. 5 is a perspective view of a feed path vibrator
in accordance with another embodiment hereof.

FIG. 6 is a sectional view of a portion of a plasticizing
assembly, a portion of a feed assembly, and a feed
path vibrator in accordance with another embodi-
ment hereof.

FIG. 6A is a front view of a dampener of FIG. 6 in
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accordance with an embodiment hereof
DETAILED DESCRIPTION OF THE INVENTION

[0010] Specific embodiments are now described with
reference to the figures. The following detailed descrip-
tion is merely exemplary in nature and is not intended to
limit the invention or the application and uses of the in-
vention. In the following description, "downstream" is
used with reference to the direction of mold material flow
from a source of raw polymeric pellets to a nozzle outlet
of an extruder, and also to the order of components or
features thereof through which the molding material trav-
els from supply of raw polymeric pellets to the nozzle
outlet of the extruder, whereas "upstream" is used with
reference to the opposite direction. "Top", "bottom", "up-
per", "lower", and "side" are used with reference to the
orientation of the figures as shown on their respective
pages. Furthermore, there is no intention to be bound by
any expressed or implied theory presented in the pre-
ceding technical field, background, brief summary or the
following detailed description.

[0011] Referring to FIG. 1 and FIG. 1A, in which FIG.
1 is a perspective view of an extruder 100, and FIG. 1A
is a sectional view taken along line A-A of FIG. 1 showing
a plasticizing assembly 101 and a feed assembly 102 of
extruder 100, and a feed path vibrator 103 in accordance
with an embodiment hereof. As shown in FIG. 1A, plas-
ticizing assembly 101 includes a barrel 104, a screw 105
rotatably and slidably disposed in barrel 104, and heaters
106. A nozzle 107 which defines an outlet of extruder
100is coupled to the downstream end of barrel 104. Noz-
zle 107 includes a nozzle channel 108 that is in commu-
nication with a barrel channel 109 extending through bar-
rel 104 between screw 105 and an interior surface of
barrel 104. Extruder 100 as described herein is an injec-
tion unit for use in an injection molding application by way
of example and not limitation.

[0012] Turningto FIG. 1, and also to FIG. 1A, extruder
100 includes a drive assembly 110 that provides linear
and rotary action to screw 105. Drive assembly 110 in-
cludes an injection housing 112 and a barrel housing 113
that are coupled together by a linear drive mechanism
114, which may include a pair of ball screws (not shown)
that extend through injection housing 112 and are re-
ceived inrespective ball nuts (notshown) located in barrel
housing 113. An upstream end of barrel 104 is fixedly
coupled to barrel housing 113, whereas an upstream end
of screw 105 is coupled to injection housing 112, and
moves therewith. A motor, such as servo motor 115A, is
coupled to each ball screw for rotation thereof. During
the injection phase of the molding cycle, activating linear
drive mechanism 114, i.e. rotation of the ball screws rel-
ative to the ball nuts, translates rotary motion of servo
motor 115A into linear motion of injection housing 112
which displaces screw 105 within barrel 104. Another
motor, such as servo motor 115B, is coupled to screw
105 for providing rotational movement thereto.
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[0013] Continuing with FIG. 1 and FIG. 1A, in opera-
tion, raw polymeric pellets from an external source (not
shown) are introduced to plasticizing assembly 101 via
feed assembly 102. To accumulate a shot of molding
material, screw 105 is simultaneously rotated and trans-
latedinthe upstream direction relative to barrel 104 which
conveys pellets downstream within barrel 104. Such ro-
tation and upstream movement of screw 105 relative to
barrel 104 converts the raw polymeric pellets into molten
polymeric material by a combination of screw 105 knead-
ing the pellets within barrel 104, and by heat applied to
barrel 104 via band heaters 106. When a desired shot
volume has accumulated at the downstream end of barrel
104, rotation of screw 105 is halted, and screw 105 is
translated in the downstream direction within barrel 104
to inject the newly plasticized shot of molding material
through nozzle channel 107 and into a mold. A check
ring (not shown) is provided near the downstream end
of screw 105 to prevent backflow of molten plastic within
barrel 104 during the injection phase of the molding cycle.
[0014] Continuing with FIG. 1A, feed assembly 102 de-
fines a feed path 117 extending through a hopper 118,
atubular passageway 119, and a feed block 120. Hopper
118 is an inverted conical or otherwise shaped container
at the upstream end of feed assembly 102 for holding a
supply of raw molding material. Hopper 118 includes an
inlet 121 (shown in FIG. 1) through which raw polymeric
pellets are supplied to feed assembly 102, and includes
an outlet 123 from which the polymeric pellets flow into
tubular passageway 119.

[0015] Tubular passageway 119 includes an upper
feed pipe 124, a lower feed pipe 125, and an elbow 126
therebetween. Upper feed pipe 124 and lower feed pipe
125 are hollow elongate tubes that are generally straight.
Upper feed pipe 124 optionally includes a level sensor
127 (shown in FIG. 1) for triggering an autoloader (not
shown) to replenish the supply of raw polymeric pellets
in hopper 118. Continuing with in FIG. 1, lower feed pipe
125 includes a flange 128 that extends radially outward
from the downstream end thereof. Flange 128 is gener-
ally lozenge shaped, and includes a feed aperture 129
(shown in FIG. 1A), which is a portion of feed path 117,
and a pair of mounting holes 130 (one of which is visible
in FIG. 1) that extend through flange 128, and by which
tubular passageway 119 is coupled to extruder 100. Con-
tinuing with FIG. 1, elbow 126 defines a bend in feed path
117 that reorients the general flow direction of polymeric
pellets within tubular passageway 119. In the currentem-
bodiment, the bend in feed path that is defined by elbow
126 is around 45°. As shown in FIG. 1, extruder 100 is
configured to be positioned in a vertical orientation by
way of example and not limitation. Accordingly, upper
feed pipe 124 and hopper 118 are also oriented vertically,
or substantially vertically, so as to promote gravitational
flow of polymeric pellets from hopper 118, whereas lower
feed pipe 125 is positioned at an angle to upper feed pipe
124 to direct the flow of pellets into plasticizing assembly
101. In an embodiment (not shown) extruder 100 may
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be configured to be positioned in a horizontal orientation.
In such a configuration tubular passage way 119 may
not be required, and instead, feed path vibrator 103 can
be positioned between hopper 118 and the inlet to plas-
ticizing assembly 101.

[0016] Continuing with FIG. 1A, and also referring to
FIG. 2, in which FIG. 2 is a side perspective view of a
vibrator mounting assembly 231 in accordance with an
embodiment hereof. To promote the flow of polymeric
pellets from feed assembly 102 to plasticizing assembly
101, feed assembly 102 includes feed path vibrator 103
for imparting vibrational energy to raw polymeric pellets
within feed path 117. Feed path vibrator 103 is coupled
to feed assembly 102 by mounting assembly 231 which,
as shown in FIG. 1A, is positioned between lower feed
pipe 125 and feed block 120.

[0017] Feed block 120 connects feed assembly 102
and plasticizing assembly 101. Feed block 120 includes
a mounting portion 232 and an extension portion 234,
and defines a passageway 135 (shown in FIG. 1A) which
is a portion of feed path 117. A plurality of bores 238
extend through mounting portion 232 to receive arespec-
tive fastener 139 (shown in FIG. 1A) which is used to
couple feed block 120 to barrel housing 113. Mounting
portion 232 includes an inlet surface 237 that defines an
inlet 140 of passageway 135. Coupling bores 241 (shown
in FIG. 2B) extend into mounting portion 232 from inlet
surface 237, and are in line with mounting bores 130 in
lower feed pipe flange 128. Extension portion 234 of feed
block 120 extends into an opening 145 (shown in FIG.
1A) in barrel housing 113, and defines an outlet 243 of
feed path 117 that is aligned with an inlet 146 (shown in
FIG. 1A) of plasticizing assembly 101. As shown in FIG.
2, feed block 120 further can include a cooling channel
242 through which a flow of cooling fluid is circulated to
create a thermal break between barrel housing 113 and
tubular passageway 119. The angle a of inlet surface
237 allows feed block 120 to be used when extruder 100
is oriented horizontally, thatis, by coupling feed assembly
102 to feed block in an orientation that is 180° to the
orientation shown.

[0018] Continuing with FIG. 2, and also referring now
to FIG. 3, whichis a perspective view of feed path vibrator
103. Feed path vibrator 103 includes an imparting portion
348, and a transfer portion 349, which is configured to
be coupledto avibrator 250 in order to transfer vibrational
energy from vibrator 250 (shown in FIG. 2) to imparting
portion 348. Vibrator 250 is positioned outside of feed
path 117, and, in the current embodiment, is coupled to
transfer portion 349 by a fastener 261 extending through
vibrator 250 (as shown in FIG. 2) that is received in a
vibrator coupling bore 362 in transfer portion 349. Impart-
ing portion 348 is an elongate blade-like member that
extends within feed path 117. Imparting portion 348 in-
cludes opposing side surfaces 353A, 353B, a length L,
awidth W and a thickness T and furtherincludes a central
axis or center line C that extends along the length of
imparting portion 348, through the midpoints of width W
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and thickness T. Imparting portion 348 includes an up-
stream imparting portion 348A, a downstream imparting
portion 348B, and a connecting portion 351 by which im-
parting portion 348 is attached to transfer portion 349. In
accordance with embodiments hereof, at least a portion
of imparting portion 348 is twisted along its length.
[0019] As shownin FIG. 1A, imparting portion 348 ex-
tends between two components that define a portion of
feed path 117. Upstream imparting portion 348A projects
into lower feed pipe 125 and downstream imparting por-
tion 348B projects into feed block 120. Continuing with
FIG. 3, the segment of centerline C| that passes through
upstream portion 348A is aligned with the segment of
centerline C| that passes through connecting portion
351, whereas the segment of centerline C that passes
through downstream portion 348B is disposed at an an-
gle p relative to the segment of centerline C, that passes
through connecting portion 351 such that downstream
portion 348B may be considered to be slightly bent to
confom to the passageway 135 of feed block 102.. In an
alternative embodiment, feed vibrator 103 is disposed in
a portion of a feed assembly that is straight (not shown),
and imparting portion 348, and thus centerline C|_ extend-
ing therethrough is also straight. In a further alternative
embodiment (not shown), feed path vibrator 103 is dis-
posed in a portion of a feed assembly that is curved, and
upstream and downstream imparting portions 348A,
348B and thus centerline C extending therethrough also
have a curved shape that conforms to the curve of feed
assembly.

[0020] The following details regarding imparting por-
tion 348 illustrate details of a nonlimiting embodiment of
feed path vibrator 103. Regarding the length L of impart-
ing portion 348, the ratio of the length L of imparting por-
tion 348 to the diameter D of feed path 117 can be gen-
erally in the range of about 3:1 to about 10:1; however,
other length to diameter ratios that are outside of this
range are contemplated if required by the particular ap-
plication. In the current embodiment, the ratio of the
length L of imparting portion 348 to the diameter D of
feed path 117 is about 6:1. Regarding the width W of
imparting portion 348, the ratio of the width W ofimparting
portion 348 to the diameter D of feed path 117 can be
generally in the range of about 1:4 to about 7:8; however,
other width to diameter ratios for imparting portion 348
that are outside of this range are contemplated if required
by the particular application. For example, in some ap-
plications it may be desirable for imparting portion 348
to extend across the diameter D of feed path, such that
the ratio of the width W of imparting portion 348 to the
diameter D of feed path 117 is 1:1. In the current embod-
iment, the ratio of the width W of imparting portion 348
to the diameter D of feed path 117 is about 1:2. As shown
in FIG. 3, the width W of imparting portion 348 is constant
along its length L. However, the width W of imparting
portion 348 can also change along its length L. For ex-
ample, the width W of imparting portion can taper from
connecting portion 351 towards the upstream and down-
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stream ends 352A, 352B of imparting portion 348. In an-
other example, the width W of upstream imparting portion
348A can be different than the width W of downstream
imparting portion 348B.

[0021] The thickness T of imparting portion 348 is se-
lected so as to permit vibrational energy to travel from
connecting portion 351 to distal ends 352A, 352B. For
example, depending on the output force of vibrator 250,
the thickness T of imparting portion 348 can be within
the range of 1.0 mm to 5.0 mm; however, other thick-
nesses that are outside of this range are contemplated.
In the current embodiment, vibrator 250 has an output
force of 5.4 bar at 80 psi, and the thickness T of imparting
portion 348 is 1.5 mm.

[0022] AsshowninFIG. 3, the thickness T ofimparting
portion 348 is constant along its length L. However, the
thickness T of imparting portion 348 can vary along its
length L. For example, the thickness T can taper from
connecting portion 351 towards each of distal ends 352A,
352B. In another example, the thickness T of upstream
imparting portion 348A can be different than the thick-
ness T of downstream imparting portion 348B.

[0023] Connecting portion 351 connects imparting por-
tion 348 to transfer portion 349, and generally defines
the boundary between upstream imparting portion 348A
and downstream imparting portion 348B. As shown in
FIG. 3, connecting portion 351 is centered on imparting
portion 348 such that the length of upstream imparting
portion 348A and the length of downstream imparting
portion 348B are substantially equal. However, in an al-
ternative embodiment (not shown), connecting portion
351 is offset onimparting portion 348 such that the length
of upstream imparting portion 348A and the length of
downstream imparting portion 348B are unequal. In an-
other alternative embodiment, connecting portion 351 is
disposed at an end of imparting portion 348 such that
imparting portion 348 extends in either the upstream or
the downstream direction depending on how feed path
vibrator 103 is positioned in feed path 117.

[0024] In accordance with embodiments hereof, im-
parting portion 348 includes at least one twisted portion
along its length, such that, relative to connecting portion
351, distal ends 352A, 325B are twisted about central
axis or center line C_in opposite directions. In the current
embodiment, connecting portion 351 is generally
straight, having flat planar side surfaces, whereas an up-
stream segment of the longitudinally extending side sur-
face 353A of imparting portion 348 gradually turns about
centerline C_in the clockwise direction from connecting
portion 351 to distal end 352A, and a downstream seg-
ment of side surface 353A gradually turns about center-
line C_inthe counter clockwise direction from connecting
portion 351 to distal end 352B, and is bent at angle
relative to connecting portion 351 as described above.
That is, for at least a portion of the length L of imparting
portion 348, each of opposing side surfaces 353A, 353B
is twisted or turned around centerline C, to form a gen-
erally spiraling or helical pathway that longitudinally ex-
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tends between distal ends 352A, 352B against which raw
polymeric pellets may pass, quiver, shake, or tremble as
they move along feed path 117, as explained further be-
low.

[0025] For example, as oriented in FIG. 3, connecting
portion 351 is oriented substantially vertical whereas, as
oriented in FIG. 4, which is a bottom perspective view of
mounting assembly 231 of FIG. 2, the angular orientation
of upstream distal end 352A is rotated to the right by
approximately 30°, and the angular orientation of down-
stream distal end 352B is rotated to the left by approxi-
mately 30°. That is, from upstream distal end 352A to
downstream distal end 352B, side surfaces 353A, 353B
are turned or twisted about its central axis by approxi-
mately 60° during formation. In other words, from distal
end 352A to distal end 352B, imparting portion 348
makes 1/6th of a complete rotation, revolution or turn
about its central axis, not including connecting portion
351, which in the current embodiment remains untwisted
orflat. In alternative embodiments (not shown), imparting
portion 348 can be twisted more than 1/6t" of a complete
revolution along its length, or can be twisted less than
1/6th of a complete revolution along its length. In general,
the amount of twist given to upstream and downstream
imparting portions 348A, 348B is such that each of op-
posing side surfaces 353A, 353B faces generally out-
ward towards the respective lower feed pipe 125 or feed
block 120 within which it extends. In other words, each
of side surfaces 353A, 353B faces outward towards a
component that is not actively vibrated, or is dampened
from vibration, for example, feed block 120 or lower feed
pipe 125.

[0026] Continuing with FIG. 3, the twist of upstream
imparting portion 348A, and the twist of downstream im-
parting portions 348B are constant from connecting por-
tion 351 to distal ends 352A, 352B. However, in an alter-
native embodiment (not shown), the twist of upstream
imparting portion 348A and the twist of downstream im-
parting portion 348B can also vary from connecting por-
tion 351 to each of distal ends 352A, 352B. For example,
from connecting portion 351 to the midpoint M of up-
stream imparting portion 348A, the change in the angular
orientation of side surfaces 353A, 353B may be 45°, or
Y4 of a complete turn, whereas from midpoint M to distal
end 352A, the change in the angular orientation of side
surfaces 353A, 353B may be 30°, or 1/12 of a complete
turn.

[0027] Inanother alternative embodiment (not shown),
imparting portion 348 includes a straight, untwisted sec-
tion, other than connecting portion 351, that is adjacent
to a twisted section, and in a further alternative embod-
iment (not shown) the entire imparting portion 348, in-
cluding connecting portion 351, is twisted along its length.
[0028] TurningnowtoFIG. 4, and alsoreferringto FIG.
1A, as raw polymeric pellets pass over feed path vibrator
103 they are vibrated by imparting portion 348. As shown
by arrows E,,1-E,/5, the change in the angular orientation
of imparting portion 348 between distal ends 352A, 352B
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also changes the angular orientation of vibrational energy
Ey along side surfaces 353A. 353B, between distal ends
352A, 352B, that is imparted from side surfaces 353A,
353B. That s, the twisted shape of imparting portion 348
randomly applies or scatters vibrational energy E,, that
is imparted from side surfaces 353A, 353B to pellets in
feed path 117. For example, at a first position that cor-
responds to arrow E\/1, vibrational energy E,, has a first
angular orientation, and at a second position that corre-
sponds to arrow E,,2 vibrational energy E,, has a second
angular orientation, and at a third position that corre-
sponds to arrow E,/3 vibrational energy E,, has a third
angular orientation, each of which is different from the
other. This continuous change in orientation of vibrational
energy E,, upsets the orientation and/or position of the
pellets within feed path 117, which reduces the likelihood
of the pellets bridging, or locking together. Furthermore,
although imparting portion 348 is twisted along its length,
as shown at distal end 352B, opposing side surfaces
353A, 353B are also generally parallel to each other. In
an alternative embodiment (not shown), imparting por-
tion 348 may be formed such that, as measured across
the width W of imparting portion 348, each of side sur-
faces 353A, 353B may be concave, such that imparting
portion 348 has a cross section that is generally dished
shaped or pinched, and in another alternative embodi-
ment (now shown), imparting portion 348 may be formed
such that, as measured across the width W of imparting
portion 348, each of side surfaces 353A, 353B may be-
convex, such that imparting portion 348 has a cross sec-
tion that is generally diamond shaped or bulged. In such
embodiments, concave or convex side surfaces further
assist in scattering vibrational energy E,, within feed path
117.

[0029] In accordance with embodiments hereof, vibra-
tor 250 is the sole source of energy input to imparting
portion 348. Vibrator 250 vibrates at a range between,
for example, 5 Hz and 20 kHz; however frequencies out-
side this range are also contemplated if required by a
particular molding application. An example of a suitable
vibrator 250 is a pneumatic turbine vibrator such as a
Turbomite CVT-P Series™ Turbine Vibrator from Cleve-
land Vibrator Company of Cleveland Ohio, U.S.A. Ingen-
eral, vibrator 250 can be vibrated at a relatively lower
frequency and at a relatively higher amplitude for rela-
tively larger polymeric pellets having a higher mass; vi-
brator 250 can be vibrated at a mid range frequency and
at a range of amplitudes for medium sized polymeric pel-
lets having a medium mass; and vibrator 250 can be vi-
brated at a relatively higher frequency and at a relatively
lower amplitude for relatively smaller polymeric pellets
having a low mass. Furthermore, vibrator 250 can be
vibrated at a relatively lower frequency and at relatively
higher amplitude for polymeric pellets having a shape
that is conducive to interlocking, for example, cylindrical
shaped. Furthermore, vibrator 250 can continuously vi-
brate, or can intermittently vibrate. An example of inter-
mittent vibration of vibrator 250 includes an injection
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molding application in which vibrator 250 is activated only
during the recovery stage of the molding cycle, i.e., when
a shot of raw molding material is admitted into barrel
channel 109 to be plasticized. In addition, the frequency
at which vibrator 250 is vibrated can be constant, or can
be varied depending on the particular molding applica-
tion. In view of the examplary vibration scenarios de-
scribed above, it should be noted that due to the interac-
tion of a number of variables including, inter alia, the nat-
ural frequency of imparting portion 348, the amount of
vibrational energy that is transmitted through imparting
portion 348, the size and shape of the polymeric pellets
being processed, the moisture content of the pellets, the
ambient temperature and humidity, it may be necessary
to use a combination of, or sequence of, some or all of
the above described scenarios in order to promote the
flow of raw pellets within feed path 117.

[0030] Returning to FIG. 3, transfer portion 349 is the
portion of feed path vibrator 103 that is operably coupled
to a source of vibrational energy. Accordingly, transfer
portion 349 and imparting portion 348 can be considered
actively vibrated components. Transfer portion 349 ex-
tends radially outward relative to imparting portion 348,
and is a provided in the form of a flat plate. Transfer por-
tion 349 includes a plurality of bores extending there-
through, specifically, a transfer aperture 356, a clearance
bore 357, and a dampener bore 358. In the current em-
bodiment, transfer portion 349 includes three dampener
bores 358 arranged in a triangular pattern around transfer
aperture 356, and three clearance bores 357 also ar-
ranged in a triangular pattern around transfer feed aper-
ture 356. As shown in FIG. 3, the triangular pattern of
dampener bores 358 points in one direction (upward as
viewed on page), whereas the triangular pattern of clear-
ance bores 357 points in a direction that is opposite to
that of the triangular pattern of dampener bores 358
(downward as viewed on page).

[0031] Transfer aperture 356 defines a portion of feed
path 117, and includes a notch 359 that is sized to receive
connecting portion 351. In the current embodiment,
transfer portion 349 includes two notches 359 that extend
through transfer portion 349, and connecting portion 351
is sized to extend across transfer aperture 356 and into
each notch 359.

[0032] Imparting portion 348 and transfer portion 349
can be formed as separate components that are integral-
ly fixed together by, for example, brazing, welding, or the
like; however, in an alternative embodiment (not shown),
imparting portion 348 and transfer portion 349 are formed
as a unitary body by, for example, casting, or an additive
manufacturing process such as direct metal laser sinter-
ing. Further, imparting portion 348 and transfer portion
349 can be made from the same material, or can be made
from different materials. Examples of suitable materials
forimparting portion 348 and transfer portion 349 include
those having high corrosion resistance, good fatigue re-
sistance, and a good stiffness to weight ratio. Examples
of such materials include, for example, stainless steel
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and aluminum. In applications where a build-up of static
charge in the polymeric pellets is a concern, an electri-
cally conductive material, for example, nonferrous stain-
less steel, may be useful for grounding feed path vibrator
103, thus removing the static charge from the pellets.
[0033] Returning to FIG. 2, and also referring to FIG.
2A and FIG. 2B, in which FIG. 2A is a sectional view of
FIG. 2 taken along line A-A and FIG. 2B is a sectional
view of FIG. 2 taken along line B-B. Mounting assembly
231 includes, a mounting plate 263, a feed pipe spacer
264, dampeners 265 (shown in FIG. 2A), spacer bush-
ings 267A (shownin FIG. 2A), and spacer bushings 267B
(shown in FIG. 2B). Feed path vibrator 103 is coupled to
mounting plate 263 via transfer portion 349, and mount-
ing plate 263 is sandwiched between feed pipe spacer
264 and feed block 120.

[0034] Mounting plate 263 provides an enlarged plat-
form for connecting tubular passageway 119, and par-
ticularly lower feed pipe 125 thereof, with feed block 120.
Mounting plate 263 includes a mounting plate feed ap-
erture 268, a vibrator coupling bore 269 (shown in FIG.
2A), a spacer coupling bore 270 (shown in FIG. 2A), and
a spacer locating bore 271 (shown in FIG. 2B). In the
current embodiment, mounting plate 263 includes three
vibrator coupling bores 269 arranged in a triangular pat-
tern around mounting aperture 268, and includes two
spacer locating bores 271 and one spacer coupling bore
270 that are also arranged in a triangular pattern around
mounting aperture 268. The triangular pattern of vibrator
coupling bores 269 is in line with the triangular pattern
of dampener bores 358 in transfer portion 349, and the
triangular pattern of spacer locating bores 271 together
with spacer coupling bore 270 are in line with the trian-
gular pattern of clearance bores 357 in transfer portion
349. As shown in FIG. 2B, spacer locating bores 271 are
also in line with coupling bores 241 in feed block 120.
[0035] Feed pipe spacer 264 includes a spacer aper-
ture 272, which is a portion of feed path 117, and a fas-
tener bore 273, which extends therethrough. In the cur-
rent embodiment, feed pipe spacer 264 includes three
fastenerbores 273 (one showninFIG. 2A, and two shown
in FIG. 2B) that are arranged in a triangular pattern
around spacer aperture 264 and in line with clearance
bores 357 in transfer portion 349. As shown in FIG. 2B,
two of fastener bores 273 are in line with spacer locating
bores 271 in mounting plate 263 and with coupling bores
241 in feed block 120, and as shown in FIG. 2A, the
remaining fastener bore 273 is in line with spacer cou-
pling bore 270 in mounting plate 263. The triangular pat-
tern of spacer coupling bore 270 and spacer locating
bores 271 helps to stabilize mounting assembly 231 and
feed assembly 102.

[0036] Continuing with FIG. 2A, and also referring to
FIG. 1A, to reduce the amount of vibration that vibrator
250 transfers to tubular passageway 119, feed block 120,
and barrel housing 113, dampeners 265 are positioned
in respective dampenerbores 358 in transfer portion 349.
Dampener 265 reduces the amount of vibration energy,
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created by vibrator 250, that is transferred to mounting
plate 263, and thus feed block 120 and extruder 100.
Dampener 265 includes a grommet 274 and a locator
277 that extends through grommet 274. A fastener 280
extends through locator 277 to couple transfer portion
349, and thus feed path vibrator 103 to mounting plate
263. Grommet 274 includes a central portion 275, which
has a diameter that corresponds to the diameter of damp-
ener bore 358, and includes upper and lower flanges
278A, 278B. Upper flange 278A is sandwiched between
transfer portion 349 and a radially extending rim 283 of
locator 277, and lower flange 278B is sandwiched be-
tween mounting plate 263 and transfer portion 349 to
establishs a gap G1 therebetween. Grommet 274 is
made from a vibration dampening material, such as, for
example rubber or another elastomeric material.

[0037] The triangular arrangement of dampener bores
358 in transfer portion 349, and dampeners 256 located
therein, in combination with vibrator coupling bores 269
in mounting plate 263, assists in aligning feed vibrator
103 relative to mounting plate 263, while at the same
time reducing or dampening the transfer of vibrational
energy from vibrator 250 to the remainder of mounting
assembly 231, which limits the amount of vibrational en-
ergy that is transferred to barrel housing 113 and the
remainder of extruder 100.

[0038] Continuing with FIG. 2A, and also referring to
FIG. 2B, spacer bushings 267A, 267B elevate feed pipe
spacer 264 from mounting plate 263, and are sized to
create agap G2 betweenfeed pipe spacer 264 and trans-
fer portion 349. As shown in FIG. 2A, spacer bushing
267Ais a cylindrical body having an alignment bore 287A
extending therethrough. A respective fastener 293A ex-
tends through fastener bore 273 in feed pipe spacer 264,
through alignment bore 287A in spacer bushing 267A,
and is threadably received in a respective spacer cou-
pling bore 270 in mounting plate 263. Accordingly, tight-
ening fastener 293A creates a compressive force be-
tween feed pipe spacer 264 and mounting plate 263.
[0039] As shown in FIG. 2B, spacer bushing 267B is
a generally cylindrical body having a locator portion 286,
and an alignment bore 287B that extends therethrough.
Locator portion 286 is areduced diameter portion of spac-
er bushing 267B that defines a step 289. Locator portion
286 is sized to be received in locating bore 271 in mount-
ing plate 263, which aligns spacer bushing 267B relative
to mounting plate 263. Spacer bushing 267B extends
through clearance bore 357 without directly contacting
transfer portion 349, and is sandwiched between mount-
ing plate 263 and feed pipe spacer 264. Respective fas-
teners 293B extend through flange mounting holes 130
of feed pipe flange 128, through fastener bores 273 in
feed pipe spacer 264, through alignment bore 287B in
spacer bushing 267B, through spacer locating bore 271
in mounting plate 263, and are received in respective
feed block coupling bores 241. Accordingly, tightening
fastener 293B creates a compressive force between low-
er feed pipe flange 128, and feed block 120 to securely
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couple feed assembly 102 to plasticizing assembly 101.
[0040] Continuing with FIG. 2B, and also referring to
FIG. 2, mounting assembly 231 further includes a first
gasket 290A and a second gasket 290B which prevent
polymeric pellets from escaping feed path 117 through
gaps G1 and G2. First gasket 290A is sandwiched be-
tween mounting plate 263 and transfer portion 349, and
is sized to correspond to the size of gap G1, and also to
the thickness of lower flange 278B (shown in FIG. 2A).
Second gasket 290B is sandwiched between transfer
portion 349 and feed pipe spacer 264 and is sized to
correspond to the size of gap G2. First and second gas-
kets 290A, 290B are made from a vibration dampening
material in order to reduce the amount of vibrational en-
ergy that transfer portion 349 imparts to mounting plate
263 and feed pipe spacer 264. Examples of a suitable
vibration dampening material include rubber or another
elastomeric material.

[0041] As shown in FIG. 2B, first and second gaskets
290A, 290B include respective feed apertures 291A,
291B that are in line with feed path 117, and also include
clearance holes 292A, 292B, through which one of spac-
er bushing 267B and spacer bushing 267A passes. In an
alternative embodiment (not shown), first and second
gaskets 290A, 290B can be omitted if gaps G1 and G2
are sized so as to prevent polymeric pellets from escap-
ing feed path 117, while still maintaining gaps G1 and G2.
[0042] Inthe aforementioned embodiment, the specific
mounting assembly 231 disclosed is by way of example
and not limitation. Mounting assembly 231 may contain
more or fewer components. In an alternative embodiment
(not shown), mounting plate 263 is omitted, and feed
block 120 is configured such that the features defined by
mounting plate 263 are instead provided in inlet surface
237 of feed block 120. In another alternative embodiment
(not shown), feed pipe spacer 264 is omitted and flange
128 of lower feed pipe 125 is configured to include the
features defined by feed pipe spacer 264.

[0043] Referring now to FIG. 5, which is a perspective
view of a feed path vibrator 503 in accordance with an
alternative embodiment hereof. Features and aspects of
the current embodiment can be used accordingly with
the other embodiments. Feed path vibrator 503 includes
an imparting portion 548 and a transfer portion 549. Sim-
ilar to the previous embodiment, imparting portion 548 is
an elongate blade-like member that extends within feed
assembly 102, and includes an upstream imparting por-
tion 548A, a downstream imparting portion 548B, and a
connecting portion 551 by which imparting portion 548
is attached to transfer portion 549.

[0044] Transfer aperture 556 includes notches 559
that extend only part way across transfer portion 549,
and connecting portion 551 extends across transfer ap-
erture 556 into each notch 559. In the current embodi-
ment, imparting portion 548 and transfer portion 549 are
separable components. To facilitate this, connecting por-
tion 551 is held within notches 559 by respective retainers
594 that are removably secured within a pocket 595 that
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extends across an open end of each notch 559. Upon
removal of retainers 594 from their respective pockets
595, imparting portion 548 can be separated from trans-
fer portion 549. Separating imparting portion 549 from
transfer portion 548 allows imparting portion 548 to be
exchanged without also having to exchange transfer por-
tion 549, for example, if transfer portion 548 becomes
worn or damaged. Similar to the previous embodiment,
examples of suitable materials for imparting portion 548
and transfer portion 549 include stainless steel and alu-
minum. Further, imparting portion 548 and transfer por-
tion 549 can be made from the same material, or from a
combination of materials.

[0045] The fit between connecting portion 551 and
notches 559 can be anything from an interference fit, or
a close slide fit, in which feed path vibrator 503 operates
in a manner similar to that described in the previous em-
bodiment, to a loose running fit, in which, in addition to
imparting vibrational energy, imparting portion 548 can
also shake, or rattle within feed path 117 to further upset
the orientation and/or position of raw polymeric pellets
within the portion of feed path 117 in which feed path
vibrator 503 is disposed.

[0046] Referring now to FIG. 6, which is a sectional
view of a portion of plasticizing assembly 101, a portion
of a feed assembly 602, a feed path vibrator 603 and a
mounting assembly 631 in accordance with another em-
bodiment hereof. Features and aspects of the current
embodiment can be used accordingly with the other em-
bodiments.

[0047] Feed path vibrator 603 includes an imparting
portion 648 and a transfer portion 649. Similar to the pre-
vious embodiment, imparting portion 648 is an elongate
blade-like memberthat extends within feed path 617, and
at least a portion of which is twisted about its length.
Imparting portion 648 includes an upstream imparting
portion 648A and a downstream imparting portion 648B.
In the current embodiment, transfer portion 649 has two
arms 649A, 649B that extend outward relative to impart-
ing portion 648. Arm 649A includes a vibrator coupling
bore 662, by which a vibrator (not shown in FIG.6) is
coupled to feed path vibrator 603. A centering bore 696
that is sized to receive a locator (not shown) extends
through each arm 649A, 649B of transfer portion 649,
and a pair of locators (not shown), for example detent
pins, are inserted through each centering bore 696 to
radially position feed path vibrator 603 within feed path
617.

[0048] Continuingwith FIG. 6, mounting assembly 631
includes a dampener 665 that reduces the amount of
vibrational energy that is transferred to a lower feed pipe
625 and feed block 120 from the vibrator (not shown).
Referring also to FIG. 6A, which is a front view of damp-
ener 665 of FIG. 6 in accordance with an embodiment
hereof, dampener 665 includes a central portion 675, a
flange 678, and an opening 679 extending through cen-
tral portion 675 that is sized to receive a respective arm
649A, 649B of transfer portion 649. A pair of elongate
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slots 697 are formed within the downstream end of lower
feed pipe 625 at diametrically opposed locations thereof,
with each of the elongate slots 697 being sized to receive
arespective central portion 675 of dampener 665 therein.
When feed path vibrator 603 is installed in lower feed
pipe 625, a respective dampener 665 is held against low-
erfeed pipe 625 by locator (not shown) installed in center-
ing bore 696.

[0049] To facilitate assembly of feed assembly 602,
dampeners 665 are installed on each arm portion 649A,
649B of transfer portion 649 and feed path vibrator 603
is inserted into lower feed pipe 625 until central portion
675 of dampener 664 is received within slot 697. When
lower feed pipe 625 is coupled to feed block 120 a re-
spective dampener 665 is sandwiched between slot 697
and inlet surface 237 of feed block 120.

[0050] Feed path vibrator 603, or more specifically, im-
parting portion 648 and transfer portion 649 can be
formed as a unitary body by a through-cutting process,
such as, for example, plasma or water jet cutting, and is
subsequently worked to apply the required twist geom-
etry to imparting portion 648. Suitable materials for feed
path vibrator 603 included those discussed having regard
to the previous embodiments.

[0051] It will be apparent to persons skilled in the rel-
evant art that various changes in form and detail can be
made therein without departing from the scope of the
invention. The scope of the claims should not be limited
by the embodiments set forth in the examples, but should
be given the broadest interpretation consistent with the
description as a whole. It will also be understood that
each feature of each embodiment discussed herein, can
be used in combination with the features of any other
embodiment.

Claims

1. Adeviceforimparting vibrational energy to polymeric
pellets in a feed path of an extruder, the device com-
prising:

a feed path vibrator having an elongate impart-
ing portion for being disposed within the feed
path, and a transfer portion extending from the
imparting portion, the transfer portion being con-
figured for coupling to a source of vibration en-
ergy,

characterized in that

the elongate imparting portion includes at least
one twisted portion along its length.

2. The device according to claim 1, further comprising:
a dampener coupled to the transfer portion, the

dampener for reducing the amount of vibrational
energy that is transferred to extruder.
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10.

1.

12.

13.

14.

15.

The device according to claim 1, wherein the elon-
gate imparting portion is configured to extend be-
tween afirst feed path component and a second feed
path component of the extruder.

The device according to claim 1, wherein the feed
path vibrator further includes a connecting portion
extending between the transfer portion and the elon-
gate imparting portion.

The device according to claim 4, wherein the con-
necting portion divides the elongate imparting por-
tion into an upstream imparting portion and a down-
stream imparting portion.

The device according to claim 5, wherein a length of
the upstream imparting portion and a length of the
downstream imparting portion are unequal.

The device according to claim 4, wherein the at least
one twisted portion of the elongate imparting portion
extends from the connecting portion to a first distal
end of the imparting portion.

The device according to claim 7, wherein a second
twisted portion of the elongate imparting portion ex-
tends from the connecting portion to a second distal
end of the imparting portion.

The device according to claim 4, wherein the con-
necting portion is generally flat.

The device according to claim 1, wherein the transfer
portion is a plate having an aperture extending there-
through.

The device according to claim 10, wherein the trans-
fer portion has a plurality of dampener bores and a
plurality of clearance bores extending therethrough,
and a plurality of dampeners positioned in the plu-
rality of dampener bores.

The device according to claim 1, wherein the elon-
gate imparting portion and the transfer portion are
separable.

The device according to claim 1, wherein the transfer
portion comprises a first arm portion extending from
the elongate imparting portion in afirst direction, and
a second arm portion extending from the elongate
imparting portion in a second direction.

The device according to claim 13, further comprising:
a dampener having an opening extending there-
through sized to receive a respective arm portion of
the transfer portion.

The device according to claim 1, wherein the elon-
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gate imparting portion has opposing side surfaces
that are generally parallel.
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